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ABSTRACT 

This  r e p o r t  covers  work performed by t h e  A t l a s  Chemical I n d u s t r i e s  

i n  developing,  providing d e s i g n  and product ion drawings f o r ,  and 

manufactur ing a n  i n i t i a l  developmental p roduct ion  q u a n t i t y  of  s q u i b s  

t o  wi ths tand  t h e  extremes of thermal shock and o t h e r  r i g i d  environmental  

requi rements  of deep space probe v e h i c l e s .  

The squib  must be capable  of withstanding h e a t  s t e r i l i z a t i o n  of  

293'F. f o r  324 hours .  

from -200'F. t o  +3OO0F, and must be s u i t a b l e  f o r  exposures of up t o  one 

year  a t  any temperature  from -400'F t o  +250°F. 

must wi ths tand  p r e s s u r e s  of up t o  30,000 p s i  wi thout  s e a l  f a i l u r e  and 

must be  capable  of  f u n c t i o n i n g  normally a f t e r  repea ted  d i s c h a r g e s  of 

25 kv from a 500 p icofarad  c a p a c i t o r .  The squib  w i l l  be a 1 amp, 

1 w a t t  no f i r e ,  d u a l  c i r c u i t  squ ib ,  whose output  and i n i t i a t i o n  

c h a r a c t e r i s t i c s  w i l l  be a s  uniform a s  i s  p o s s i b l e  w i t h i n  t h e  c u r r e n t  

l i m i t a t i o n s  of t h e  s t a t e - o f - t h e - a r t .  

It must be capable of func t ion ing  a t  any temperature  

I n  a d d i t i o n ,  t h e  s q u i b  
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I . 

INTRODUCTION 

The o b j e c t i v e  of t h i s  program i s  t o  develop a squib  s u i t a b l e  

f o r  u s e  i n  deep space probes.  This  r e p o r t  i s  t h e  second q u a r t e r l y  

r e p o r t  under C o n t r a c t  #951912 w i t h  the  J e t  Propuls ion  Laboratory.  

The f i r s t  r e p o r t  covered t h e  per iod  from May, 1967 through September, 

1967. 

The requirements  f o r  t h e  des ign  a r e  b a s i c a l l y  t h e  same a s  

r e p o r t e d  p r e v i o u s l y .  The s q u i b  must be capable  of s u r v i v i n g  t h e  

extremes of environment which a p iece  o f  exposed hardware might 

n a t u r a l l y  see on Mars, Venus and on o t h e r  t a r g e t s  of unmanned space 

v e h i c l e s .  

These requirements  a r e  repea ted  h e r e  f o r  f u r t h e r  emphasis 

on t h e i r  s e v e r i t y ,  and t o  g i v e  some i n d i c a t i o n  of t h e  d e s i g n  problems 

involved w i t h  t h i s  squib .  

1. The s q u i b  w i l l  be nonmagnetic. 

2 .  The s q u i b  w i l l  be capable  of wi ths tanding  h e a t  s t e r i l i z a t i o n ,  

c o n s i s t i n g  of exposure t o  293'F f 4'F f o r  324 hours  wi thout  

degrada t ion .  

3 .  The squib  w i l l  be s u i t a b l e  f o r  exposure t o  mm hg p r e s s u r e  

o r  lower a t  200'F f o r  6 months. (As  a g o a l ,  t h i s  c a p a b i l i t y  

should be demonstrated with open s e a l s  .) 

4 .  The s q u i b  w i l l  be s u i t a b l e  f o r  exposures  of  up t o  1 year  a t  

-400' t o  +250'F. 

5 .  The squib  s e a l s  must be capable  of wi ths tanding  p r e s s u r e s  of  

30,000 p s i  minimum. 
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6 .  The squibs  w i l l  be capable  o f  wi ths tanding  a d i s c h a r g e  of  

25 kv from a 500 uuF c a p a c i t o r  from p i n s  t o  c a s e  and between 

t h e  two c i r c u i t s .  

7 .  The s q u i b  w i l l  n o t  f u n c t i o n  nor  be degraded when 1 amp o r  

1 w a t t  i s  a p p l i e d  t o  both br idges  s imul taneous ly .  

8 .  The squib  s h a l l  have a n  end c l o s u r e  which makes t h e  o u t p u t  

and i n i t i a t i o n  c h a r a c t e r i s t i c s  a s  uniform a s  i s  now p o s s i b l e  

i n  t h e  s t a t e - o f - t h e - a r t ,  and t h e s e  c l o s u r e s  should r u p t u r e  

a t  l o w  p r e s s u r e  t o  prevent  l a r g e  h i g h  peaklaverage p r e s s u r e  

r a t i o s .  

A s  had been mentioned previous ly ,  Inconel  was t h e  l o g i c a l  choice  

o f  m a t e r i a l s  f o r  t h e  housing and c o n t a c t  p i n s  because of i t s  s t r e n g t h  

over  a wide range of temperatures  and because of i t  nonmagnetic 

s u s c e p t i b i l i t y .  I t s  f a b r i c a t i o n  posed some unique problems which had 

t o  be overcome before  s e t t i n g  on t h i s  m a t e r i a l  a s  a f i r m  choice .  

From a machining s t a n d p o i n t  Inconel  718 i s  r e a d i l y  tu rned ,  bored o r  

ground.  However, d r i l l i n g  and m i l l i n g  become a problem, e s p e c i a l l y  

i n  s m a l l e r  t o o l  s i z e s .  Tool wear i s  e x c e s s i v e .  Small end m i l l s  - 
1/32 or 1/16 simply do n o t  work a t  a l l ,  and t h e  main ta in ing  of small  

c o r n e r  r a d i i  and s h a r p  d e f i n i t i o n  i s  imposs ib le .  Therefore ,  normal 

machining p r a c t i c e s  do n o t  work on t h i s  m a t e r i a l  ( i n  t h e  p a r t i c u l a r  

c o n f i g u r a t i o n  of t h e  housing under d i s c u s s i o n ) .  A t l a s  solved t h e s e  

problems by t h e  u s e  of e l e c t r o s t a t i c  d i s c h a r g e  machining (EDM) i n  t h e s e  

a r e a s  of housing where i t  was impossible t o  work normally.  This  

p a r t i c u l a r l y  a p p l i e d  t o  t h e  connector end i n  keyway s l o t s ,  l u g s ,  e t c .  

- 2 -  
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The f i r s t  r e p o r t  d i scussed  problems i n  making t h e  s e a l  w i t h  g l a s s  

o r  ceramic whi le  main ta in ing  the  Inconel  housing i n  t h e  hardened 

c o n d i t i o n .  These problems have been overcome by t h e  use  of  a combination 

g lass - to-meta l  and ceramic-to-metal  s e a l  which has  s u c c e s s f u l l y  with-  

s tood  p r e s s u r e s  up t o  80,000 p s i  wi thout  d e s t r o y i n g  t h e  s e a l .  I n  view 

of  t h e  smal l  s i z e  o f  t h e  housing,  we f e e l  t h a t  t h i s  i s  a n  accomplishment 

of some magnitude and marks a s i g n i f i c a n t  s t e p  i n  t h e  d e s i g n  of a n  

u l t r a  h igh  p r e s s u r e  squib  f o r  use  i n  a p p l i c a t i o n s  where only  massive 

bodied squibs  have t o  now been e f f e c t i v e .  

We f e e l  c o n f i d e n t  t h a t  a n o t h e r  major g o a l  of t h i s  program h a s  been 

reached.  A t l a s  h a s  developed an explosive mix which i s  capable  of with-  

s t a n d i n g  d i r e c t  d i s c h a r g e s  of  25 kv from a 500 uuF c a p a c i t o r .  The use  

of t h i s  mix, i n  combination wi th  the s t a t i c  shunt  m a t e r i a l  p o t t e d  

around t h e  s q u i b  t e r m i n a l s ,  makes the  f i n i s h e d  squib  immune t o  d i s c h a r g e s  

i n  any mode - p i n  t o  p i n ,  o r  p i n  t o  case  - d i s c h a r g e s  which can be 

r e p e a t e d  t ime and t i m e  a g a i n  without  d e t r i m e n t a l  e f f e c t  i n  i n s u l a t i o n  

r e s  i s  t a  nce o r  f u n c t i o n i n g  ca pa b i  1 i t y  . 

- 3 -  



TECHNICAL DISCUSSION 

A .  Header Development 

I n  the  f i r s t  q u a r t e r l y  r e p o r t ,  we d iscussed  two a l t e r n a t e  

approaches i n  making the  housing-pin s e a l s .  

1. Approach #l c o n s i s t e d  of making the  s e a l  i n  the  same 

c y c l e  a s  would normally be  used f o r  h e a t  t r e a t i n g  the  

Inconel  718; i . e . ,  f lowing t h e  g l a s s  and ceramic braz ing  

m a t e r i a l s  dur ing  the annea l ing  c y c l e  of t he  Inconel  

(190O0F f o r  one hour ) ,  t hen  dropping the  temperature  

of t h e  furnace  t o  1400'F t o  age harden the  Inconel  

f o r  8 hours .  A f u r t h e r  drop t o  1200'F f o r  8 hours  

completes the  cyc le  of hardening  - a f t e r  which t h e  u n i t s  

a r e  r e t u r n e d  t o  ambient.  

The f i r s t  s e r i e s  of s e a l  t e s t s  were run i n  t h i s  manner. 

They were s u c c e s s f u l  only on a l i m i t e d  s c a l e ,  s i n c e  t h e  

g l a s s  had a tendency t o  f low excess ive ly  because of  t h e  

long ag ing  c y c l e s  i n  the furnace .  For example, t h e  

drop from 1900' annea l ing  temperature  t o  1400' hardening  

temperature  took 6-8 hours  i n  a muff le  type furnace  wi th  

atmosphere r e t o r t .  This c y c l e  could no t  be shor tened  by 

swi tch ing  t o  a conveyor type  furnace  because b e l t s  cannot  

be s topped a t  t h e  s p e c i f i c  annea l ing  and hardening tempera- 

t u r e s  wi thout  damaging t h e  b e l t  m a t e r i a l .  The dev ice  s e e s  

t o t a l  ag ing  t imes of  30-36 hours  a s  a consequence, and 

t h i s  excess ive  ag ing  i s  d e t r i m e n t a l  t o  the  g l a s s .  

- 4 -  
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The s e a l s  made under these  c o n d i t i o n s  were g ross  l e a k e r s  

on hermet ic  s e a l  t e s t i n g .  We were a b l e  t o  t e s t  them t o  

d e s t r u c t i o n  i n  some cases ,  and t h e s e  r e s u l t s  a r e  i n  Table  I. 

2 .  The second approach c o n s i s t e d  of f i r s t  hardening t h e  Inconel  

housing t o  Rc 41, t he  usage cond i t ion ,  t hen  s e a l i n g  

the  g l a s s  a t  1400'F, which i s  t h e  maximum temperature  the  

Inconel  718 can  s e e  before  l o s i n g  a percentage of i t s  

hardness .  A number of s p e c i a l  g l a s s  formula t ions  were 

t r i e d  i n  these  s e r i e s  of t e s t s  bu t  a l l  proved unsuccess fu l  

because t h e  l ead  i n  these  g l a s s e s  (which lowers flow 

temperature)  had an adverse  e f f e c t  on t h e  e l e c t r i c a l  

c h a r a c t e r i s t i c s  of  t h e  sea l ed  u n i t .  There was poor 

d i e l e c t r i c  s t r e n g t h  between p in- to-case  and sometimes 

p in - to -p in ,  e s p e c i a l l y  a f t e r  t he  normal pos t  furnace  

c l e a n i n g  o p e r a t i o n s .  This  d e f e c t  i s  a major one which 

proved t o  be insurmountable a f t e r  a number of s e a l  a t t empt s .  

A f t e r  a number of o t h e r  a l t e r n a t e  approaches,  wi thout  success ,  it 

was decided t o  use  a compromise between t h e  two o r i g i n a l  approaches 

a s  fo l lows:  

1. The g l a s s  and ceramic a r e  sea l ed  i n  the  housing by running 

t h e  annea l ing  cyc le  a t  1850'F i n  a conveyor fu rnace ,  s o  

t h a t  t h e  g l a s s  i s  n o t  exposed f o r  more than  1 hour t o  the  

annea l ing  temperature .  This  flows the  g l a s s ,  p rovid ing  

t h e  hermet ic  s e a l  f o r  t he  u n i t .  

2 .  The u n i t  i s  then  t r a n s f e r r e d  t o  a muff le  furnace  wi th  

r e t o r t  t o  complete the hardening cyc le  a t  1325'F and 

1150'F f o r  e i g h t  hours each temperature .  

i s  below t h e  flow temperature  of t h e  g l a s s  (a l though 

w i t h i n  t h e  s o f t e n i n g  range) and t h e r e f o r e  the  g l a s s  does no t  

This  temperature  

- 5 -  



flow excess ive ly  a s  i n  approach #l. The p re - sea l  a t  1850'F 

cured t h e  drawbacks of approach #2 because i t  al lowed the  

use of l ead  f r e e  g l a s s  t o  make the  s e a l .  

The use  of t h i s  compromise approach made a f a i r l y  e f f e c t i v e  

s e a l .  However, t he  r e j e c t  r a t e  on h e r m e t i c i t y  was s t i l l  q u i t e  h igh .  

Th i s  can  be t r aced  t o  two major problems. One, t he  d r a s t i c  mismatch 

of temperature  c o e f f i c i e n t s  of expansion of g l a s s  and Incone l ,  and 

two, t h e  tendency of Inconel  t o  o x i d i z e  even under t h e  s l i g h t l y  

reducing  atmospheres used t o  make t h e  s e a l s .  This  o x i d a t i o n ,  

e s p e c i a l l y  on t h e  p in ,  contaminates  the  g l a s s  dur ing  the  s e a l  c y c l e  

a t  1850'F. Then, when t h e  u n i t s  a r e  hardened a t  1400'F, t he  thermal  

shocks break t h e  g l a s s - t o - p i n  s e a l  ( a l r eady  contaminated by t h e  

ox ide .  ) 

The I n t e r n a t i o n a l  Nicke l  Co. i n  Huntington, West V i rg in i a  was 

o f  cons ide rab le  he lp  i n  t h i s  program i n  sugges t ing  v a r i o u s  hardening 

techniques  f o r  t he  Inconel  718 - t echniques  which could be a p p l i e d  

t o  t h e  g l a s s  s e a l i n g  cyc le  a l s o .  A f t e r  c o n s u l t a t i o n  wi th  t h e i r  

t e c h n i c a l  s e r v i c e  group on t h e  problems involved i n  the  f i r s t  t h r e e  

approaches,  they  suggested a f o u r t h  c y c l e  which would harden t h e  

Inconel  718 t o  what they f e l t  would be  a s l i g h t l y  reduced l e v e l  of 

hardness  - approximately 32-36 Rc. I n  a c t u a l  p r a c t i c e ,  t h e  hard-  

n e s s  experienced was = 38 R c  - almost  maximum Inconel  718 hardness .  

T h i s  f o u r t h  c y c l e  cons i s t ed  of a sea l ing-annea l ing  soak a t  1850'F 

f o r  l e s s  t han  one hour ,  t hen  furnace coo l  t o  1400'F and age 

harden  f o r  t h r e e  hours ,  a f t e r  which t h e  u n i t s  a r e  furnace  cooled t o  

ambient .  To reduce the  coo l  down t i m e s  t o  a minimum, A t l a s  used 

a pusher type open h e a r t h  furnace r a t h e r  than  a r e t o r t  type .  A s  

a r e s u l t ,  t h e  t o t a l  soak t ime i s  reduced t o  approximately 8 

h o u r s ,  and most of t h i s  t i m e  i s  a t  t empera tures  below t h e  

+J 
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s o f t e n i n g  p o i n t  of  t he  g l a s s .  In t h i s  approach, t h e r e  i s  no 

thermal  shock a s  experienced i n  t h e  t h i r d  c y c l e .  The mismatch 

of Inconel  and g l a s s  i s  t h e r e f o r e  l e s s  of a problem. With the  

use  of t h i s  approach, 100% he rme t i c i ty  was achieved .  

The type of header des ign  as  f i n a l l y  chosen i s  per  ske tch  #l - 
t h e  i n d i v i d u a l  four  p i n  s e a l  des ign .  Th i s  des ign  has  h e l d  up 

c o n s i s t e n t l y  through thermal shock and high p res su re ,  whi le  t he  

s t r a i g h t  s i n g l e  bead s e a l  has been e r r a t i c  i n  s t r e n g t h  - sometimes 

equa l  t o  the  4 p i n  des ign ,  then  d r a s t i c a l l y  lower the  next  s e a l .  

We have no t  found the  cause f o r  t h i s  e r r a t i c  s t r e n g t h  a s  y e t  

b u t  we w i l l  r un  a s p e c i a l  s e r i e s  o f  t e s t s  t o  determine i t  i f  

p o s s i b l e ,  s i n c e  t h i s  could w e l l  prove t o  be a c r i t i c a l  s e a l  

problem poss ib ly  having some bear ing  on t h e  four -p in  s e a l  des ign .  

One p o s s i b l e  explana t ion  f o r  t h i s  e r r a t i c  s t r e n g t h  behavior  

i n  the  s i n g l e  g l a s s  bead des ign  i s  the  f a c t  t h a t  the  ceramic 

sub-assembly must s e a t  p e r f e c t l y  i n  the  Inconel  housing o r  t he  

s e a l  i s  i n e f f e c t i v e .  I f ,  f o r  example, t h e  ceramic i s  sea t ed  

on a s m a l l  undetec ted  bur r  i n  i t s  a c c e p t i n g  r a d i u s  - b u r r s  on 

t h e  o r d e r  of  .001-.005 i n  s i z e  - t h e  ceramic w i l l  a c t  a s  a p i s t o n  

on the  g l a s s  dur ing  t h e  p re s su re  t e s t ,  making the  g l a s s  t a k e  t h e  

e n t i r e  load  by i t s e l f  - which i t  cannot  do. I n  o rde r  t o  be 

e f f e c t i v e  t h e  ceramic m u s t  s e a t  f u l l y  on the  Inconel ,  whi le  

t h e  g l a s s  flows a c r o s s  i t s  under s u r f a c e .  Under the  p r e s s u r e ,  

t h e  housing i t s e l f  then  t akes  the major l oad ,  while  on ly  a smal l  

a r e a  of  g l a s s  can poss ib ly  be exposed t o  the  p re s su re .  

The da ta  on p res su re  t e s t s  presented i n  t h e  t a b l e s  i s  s e l f -  

exp lana to ry .  It r e p r e s e n t s  i nc reas ing  s t a g e s  of improvement, 

f i r s t  i n  t he  s e a l  t echnique ,  then i n  s t r i v i n g  f o r  h e r m e t i c i t y .  
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The l a s t  s e a l  t e s t  i n d i c a t e s  we can now make both  a n  e f f e c t i v e  

h igh  p r e s s u r e  s e a l  and a hermetic  s e a l  wi th  a low r e j e c t  r a t e  a t  

sea l i n g .  

A s  mentioned p r e v i o u s l y ,  t h e  r e s u l t s  of  t h e  p r e s s u r e  t e s t s  

i n d i c a t e  t h a t  under t h e  i d e a l  c o n d i t i o n s ,  a s i n g l e  h o l e  s e a l  w i l l  

w i t h s t a n d  a s  h i g h  a p r e s s u r e  a s  t h e  i n d i v i d u a l  p i n  4 hold s e a l  

des ign .  This  i s  so because t h e  ceramic i s  e i t h e r  tak ing  t h e  e n t i r e  

p r e s s u r e  load i t s e l f ,  o r  i n  t h e  event  of  a ceramic braze l e a k ,  

reducing t h e  p r e s s u r e  on t h e  g l a s s  t o  a s a f e  l e v e l .  The braze 

between t h e  p i n s  and ceramic i s  no t  t r u l y  hermet ic  and i n  f a c t  

does a l l o w  t h e  p r e s s u r e  t o  g e t  by and a c t  on t h e  g l a s s  i n  some 

c a s e s .  However, t h e  u n i t  i s  f i x t u r e d  i n  s e a l i n g  such t h a t  t h e  

g l a s s  f lows a c r o s s  t h e  back s u r f a c e  of t h e  ceramic dur ing  t h e  

s e a l  c y c l e ,  t h u s  both f u r t h e r  suppor t ing  t h e  ceramic and reducing 

t h e  e f f e c t i v e  a r e a  of t h e  g l a s s  on which t h e  p r e s s u r e  can a c t .  

S ince  t h e  v a r i a b i l i t y  i n  s t r e n g t h  of t h e  s i n g l e  bead s e a l  i s  

probably t h e  r e s u l t  of  improper ceramic s e a t i n g ,  i t  r e p r e s e n t s  

a d e v i a t i o n  from t h e  i d e a l  s i t u a t i o n .  Simple expediency f o r c e s  

u s  a t  t h i s  t i m e  t o  choose t h e  four h o l e  s e a l  r a t h e r  than  spend 

a p r o h i b i t i v e  amount of  time and e f f o r t  i n  making t h e  s i n g l e  

bead s e a l  work. 

I n  t h e  p r e s e n t  d e s i g n ,  t he re  a p p e a r s  t o  be no b e n e f i t  from 

u s i n g  a "head" on t h e  p i n  which s e a t s  i n  a ceramic counterbore .  

When some s t r a i g h t  p i n  s e a l s  were t e s t e d  - s e e  t a b l e  # V I  - t h e  

s t r e n g t h  was e q u i v a l e n t  t o  t h a t  of t h e  headed des ign .  

the  e f f e c t  o f  removing t h e  ceramic, p r e s s u r e  t e s t s  were r u n  on 

g l a s s  s e a l s  a l o n e  w i t h  t h e  i d e n t i c a l  p i n  and housing des ign .  

The s t r e n g t h s  were p r e d i c t a b l y  lower - s e e  t a b l e  # V I I .  

To check 
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\3 



One p o i n t  of i n t e r e s t  about  t h e  mode of f a i l u r e  dur ing  p r e s s u r e  

t e s t i n g .  We have n o t  experienced any ca tos t ro@c s e a l  f a i l u r e s  i n  

t h e  p re sen t  des ign .  The s e a l  u sua l ly  develops a l e a k  which does 

n o t  a l low t h e  s u s t a i n i n g  of high p r e s s u r e s  - whi le  i n  the  p re s su re  

t e s t s  on the  g l a s s  s e a l s ,  t h e  e n t i r e  s e a l ,  i nc lud ing  p i n s ,  was 

v i o l e n t l y  des t royed  a t  t h e  f a i l u r e  l e v e l .  
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I r 

I 
i 

I 

~ 

I 

I 
I 

TABLE I 

Pres su re  t e s t s  on u n i t s  s ea l ed  and hardened by approach $11. Anneal a t  

1950°F, c o o l  t o  1400'F and age 8 hours ,  cool  t o  1200°F and age 8 hours ,  

furnace  coo l  t o  ambient.  T o t a l  cyc le  time 36 hours .  I n  appearance,  t h e  

s e a l s  were poor,  excess ive ly  flowed, l eav ing  l a r g e  vo ids  and bad wicking ,  

up the  p i n s  - e s p e c i a l l y  t h e  4 p in  s e a l s .  

rn 
3001 

3002 

* 
3005 

3006 

3009 

3010 

3011 

3012 

Type Ha rdne s s 
of S e a l  R c  

S i n g l e  
Bead 40.4 

S i n g l e  
Bead 39.7 

S i n g l e  
Bead 38.6 

S i n g l e  
Bead 39.0 

Indiv idua  1 
4 p i n  38.7 

Indiv idua  1 
4 P i n  39.4 

Indiv idua  1 
4 p i n  39.0 

Indiv idua  1 
4 p i n  39.7 

Helium 
Leak 

< 
cc f  s e c .  

< 
c c  f s e c .  

< 
cc  f s e c .  

< 
cc f  s e c .  

Gross 
l eake r  

Gross 
l e a k e r  

Gross 
l e a k e r  

Gross 
l e a k e r  

Pres  s u r  i z e  t o  
30,000 p s i  

No l e a k  a t  
30,000 p s i  

No l e a k  a t  
30,000 p s i  

N o  l e a k  a t  
30,000 p s i  

Leaked a t  
5 ,000 p s i  

Leaked a t  
2,500 p s i  

Gross 
l e a k e r  

Leak a t  
12,000 

Leak a t  
2 , 500 

* Missing s e r i a l  numbers were u n i t s  too  badly flowed 

He 1 ium 
Leak 

< 
c c f s e c .  

< 
c c / s e c  . 
< 10-8 
c c f s e c .  

- 

- 

- 

- 

- 

P r e s s u r i z e  
t o  Des t ruc t ion  

48,000 p s i  

59,000 p s i  

67,000 p s i  

N /A 

N /A 

N f A  

N /A 

N /A 

t o  be t e s t e d .  They were 

s t r i p p e d  and re-used i n  o the r  t e s t s .  
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B. S t a t i c  Discharge Cons ide ra t ions  

The s k e t c h  below shows t h e  v a r i o u s  breakdown p o i n t s  i n  t h e  s q u i b  

Voltage breakdown p o i n t s  a r e  shown f o r  each pa th .  

I 

under development. 

Ceramic Insert 

i 
~ 

C l a s s  Seal - 4 Places 
i 

Inconel Housing RTV Silicon Carbide 

I 
Voltage breakdown pa ths  

Pa th  A - P i n  t o  case  e x t e r n a l l y  

Pa th  B - Pin  t o  case  through shunt  

P a t h  C - P i n  t o  case  through g l a s s  

Pa th  D - Pin  t o  c a s e  through exp los ive  

Pa th  E - Pin  t o  p i n  through e x p l o s i v e  

Vol tage  Breakdown va lue  = VB 

VB Pa th  A = ( D i e l e c t r i c  of A i r )  ( a i r  gap i n  m i l s )  

= 70 v o l t s / m i l  (13) = 910 v o l t s  

VB Pa th  B = T y p i c a l l y  600 t o  900 v o l t s  (measured) 

VB Pa th  C = (1000) ( 1 3 )  = 13,000 v o l t s  

VB P a t h  D = T y p i c a l l y  1200 v o l t s  ( measured) 

V P a t h  E = T y p i c a l l y  1500 v o l t s  (measured) B 

P a t h  C can be d iscounted  e n t i r e l y .  It h a s  a breakdown v o l t a g e  

10 t imes  g r e a t e r  t han  t h e  o the r  p a t h s .  Pa ths  B,  D and E a r e  a l l  

measured p o i n t s  and a r e  nominal v a l u e s  w i t h  some s l i g h t  d e v i a t i o n .  
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The breakdown p o i n t s  were determined us ing  a n  AC Hipot d i e l e c t r i c  

t e s t e r  s e t  f o r  maximum s e n s i t i v i t y  on leakage c u r r e n t ;  i . e . ,  t h e  

breakdown v o l t a g e  i s  read  a t  the  lowest  leakage  c u r r e n t .  

The leakage c u r r e n t  through t h e  exp los ive  a t  pa ths  D and E was 

t y p i c a l l y  1-3  mil l iamperes  a t  the breakdown l e v e l  and was a c o n s t a n t l y  

i n c r e a s i n g  f u n c t i o n  up t o  t h a t  po in t .  The leakage  through t h e  s t a t i c  

shunt  mix a t  pa th  B could no t  be measured a t  t h e  vo l t age  breakdown 

p o i n t  because i t  approaches a d i r e c t  s h o r t .  

The breakdown pa th  a t  the  high v o l t a g e  d i scha rge  l e v e l  of 25 Kv 

w i l l  i n  a l l  p r o b a b i l i t y  be through t h e  shunt  mix s i n c e  t h i s  i s  t h e  

l e a s t  a r c  r e s i s t a n t  pa th .  I n  a d d i t i o n ,  t e s t s  t o  d a t e  have shown t h a t  

t h e  explos ive  mix i t s e l f  i s  capable  of  wi ths tanding  d i r e c t  d i scha rges  

of 25 Kv, 500 p i co fa rads  without  f i r i n g .  There i s  a double s a f e t y  

f a c t o r  involved t h e r e f o r e  which w i l l  f u l l y  p r o t e c t  t he  squib  a t  any 

s t a t i c  d i scha rge  up t o  and over  25 Kv. 
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Table I1 

Pressu re  t e s t s  on u n i t s  s e a l e d  and hardened by approach 111. However, 

annea l ing  and s e a l i n g  w a s  f i r s t  done i n  a conveyor furnace  f o r  one hour 

maximum, then hardened by re-running t h e  c y c l e  of t a b l e  #l. The purpose 

of the  p re - sea l  was  t o  t r y  

- S I N  

3004 

3008 

3003 

3007 

3013 

3014 

3015 

3016 

Type of 
Sea 1 Ha r dne s s 

S ing le  
Bead 

S i n g l e  
Bead 

S ing le  
Bead 

S ing le  
Bead 

Ind ividua 1 
4 p i n  s e a l  

Ind i v  idua 1 
4 p i n  s e a l  

Ind i v  idua 1 
4 p i n  s e a l  

Individua 1 
4 p i n  s e a l  

41 .O 

39.4 

41.1 

40.5 

41.0 

39.8 

40.8 

40.0 

to  prevent excess ive  flow. 

He 1 ium 
Leak 

< 
cc l sec .  

< 
c c l s e c .  

< 
cc l sec .  

< 
cc I sec  . 
Gross * 
Leaker 

Gross 
Leaker 

< 10'6 
cc l sec .  

Gross 
Lea ker 

P r e s  s u r e  
t o  

30,000 p s i  

No l e a k  a t  
30,000 p s i  

Leaked a t  
27,000 p s i  

Leaked a t  
22,000 p s i  

Leaked a t  
7,500 p s i  

Leaked a t  
2,000 p s i  

Leaked a t  
3,000 p s i  

No l e a k  a t  
30,000 p s i  

Gross 
Leaker 

He 1 ium 
Leak 

< 10-6 
c c l s e c  . 

Gross 
Leaker 

Gross 
Leaker 

Gross 
Leaker 

Gross 
Leaker 

Gross 
Leaker 

< 
c c l s e c .  

Gross 
Leaker 

P res  s u r e  
t o  

Des t ruc t ion  

"0" r i n g  extruded 
a t  61,000 p s i  
bu t  s e a l  h e l d .  

"0" r i n g  extruded a t  
65,000 p s i ,  but 
s e a l  he ld  

* Again, t he  4 p i n  s e a l s  were badly flowed i n  appearance and t h e  s i n g l e  

p i n  s e a l s  were badly wicked up the p i n s .  
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Table I11 

Pressu re  t e s t s  on u n i t s  s ea l ed  by approach #1 w i t h  reduced ag ing  t imes and 

tempera tures .  Annealed a t  1850'F. f o r  one hour ,  furnace  cooled t o  1325'F, and 

aged f o r  8 hours ,  furnace  cooled t o  1150'F and aged f o r  8 hours  then  r a p i d l y  cooled 

t o  ambient.  There was s t i l l  some excess ive  flow of g l a s s  a f t e r  t h e  c y c l e .  

T o t a l  c y c l e  time 20 hours .  

Type of 
- S /N Sea l  Hardness 

S i n g l e  
3077 S e a l  42.0 

3081 S i n g l e  S e a l  38.0 

S i n g l e  
3079 S e a l  39.5 

S i n g l e  
3083 S e a l  38 .O 

(1) (4)  
Helium Thermal H e l i u m  

Leak Shock Leak 
+ 300'F 
- 300'F 

<1 0-6 (3)  
c c l s e c  Yes Leaker 

4 0 - 6  Yes Leaker 
c c l s e c  

c c l s e c  Yes Leaker 

c c l s e c  Yes Leaker 

(1) Thermal shock w a s  a p p l i e d  by cyc l ing  the dev ices  
hea ted  g l y c e r i n  t h r e e  t imes each.  

P res su re  

30,000 p s i  
t o  

No Leak 

No Leak 

No Leak 

No Leak 

Erom l i q u i d  

He 1 ium 
Leak 

- 
- 

- 

D e s t r u c t i o n  
P res su re  

77,000(2) 

73,000 

70,000 

76,000 

n i t rogen  t o  

(2)  

(3)  

I n  a l l  c a s e s ,  t he  "0" r i n g  extruded bu t  t h e  s e a l  he ld .  

Although t h e  r a t e s  a r e  r e c o r  ed a s  l ess  than  10 
leakage  between 
g l a s s  s e a l s  normally r u n  < 10-8 c c / s e c .  

-6 c c / s e c . ,  they  do e x h i b i t  some 
and lo-' c c / sec  which i s  i n d i c a t i n g  a poor g l a s s  s e a l  s i n c e  

( 4 )  Although t h e s e  u n i t s  a r e  recorded a s  l e a k e r s ,  t h e  l e a k  pa ths  a r e  so minute  t h a t  
t hey  a r e  impermeable t o  the  hydrau l i c  f l u i d  (water)  a t  30,000 p s i .  Nonethe less ,  
t hey  were d e t e c t a b l e  by the  mass spec t rometer ,  which has  a minimum s e n s i t i v i t y  
of  10-5 c c / s e c .  
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Table I V  

P res su re  t e s t s  on u n i t s  s ea l ed  by approach #3. Annealed and sea l ed  a t  1850'F 

i n  a conveyor type furnace  f o r  1 hour.  Then cooled ,  t r a n s f e r r e d  t o  a muff le  furnace  

and hardened by ag ing  a t  1325'F f o r  8 hours and 1150'F f o r  8 hours .  

P re s  s u r e  
Type of Helium Thermal H e l i u m  t o  H e l i u m  D e s t r u c t i o n  

Leak 30,000 p s i  Leak P r e s  s u r e  S/N Sea l  Hardness Leak Shock - 
Sing le  <10-6 (2) 

3078 Bead 39.5 c c / s e c .  Yes c c / s e c  No Leak c c / s e c  66,000 (1) 

S ing le  
3082 Bead 40.5 c c f s e c  Yes c c / s e c  N o  Leak c c / s e c  70,000 

S i n g l e  
3080 Bead 39.0 cc / sec  Yes c c / s e c  No Leak c c / s e c  70,000 

S i n g l e  
3084 Bead 42.0 c c / s e c  Yes c c / s e c  N o  Leak c c / s e c  77,000 

S i n g l e  4 0 - 6  4 0 - 6  4 0 - 6  

S ing le  4 0 - 6  4 0 - 6  4 0 - 6  

S ing le  d 0 - 6  

3085 Bead 39.0 c c f s e c  Y e s  c c f s e c  No Leak c c / s e c  71,000 

3086 Bead 39.0 c c / s e c  Yes c c / s e c  N o  Leak c c / s e c  74,000 

3087 Bead 38.5 c c / s e c  Yes c c / s e c  No Leak c c / s e c  74,000 

(1) 

(2)  

I n  a l l  c a s e s ,  t he  "0" r i n g  extruded bu t  t h e  s e a l  he ld .  

Although t h e  r a t e s  a r e  recorded a s  less  than  
some leakage  between 10-6 and 10-7 cc /sec  which i s  i n d i c a t i n g  a poor 
g l a s s  s e a l  s i n c e  g l a s s  s e a l s  normally run < 10-8 c c / s e c .  

c c / s e c  they  do e x h i b i t  
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Table V 

Repeat of t e s t s  pe r  Table I V ,  except t h a t  a n  a t t empt  was made t o  improve 

the  hermet ic  c o n d i t i o n  by p re -ox id iz ing  the p i n s  be fo re  s e a l i n g .  
I 
I 

Pressu re  

- S /N Sea 1 Hardnes s Leak Shock P r e s s u r i z e  Leak D e s t r u c t  
Type of He 1 ium Therma 1 N2 ( 2 )  Helium t o  

3088 Sing le  4 0 - 8  Leaked a t  <lo-8 
Bead 41 .O c c l s e c  Yes 3,000 c c / s e c  57,000 ( 3 )  

Sing le  4 0 - 8  0 K to 
42.5 c c l s e c  Yes 10,000 c c / s e c  43,000 

S i n g l e  c10-6 (1) Leaked a t  
43 .O c c / s e c  Yes 1,000 c c l s e c  48,000 

i 3091 ~ e a d  

i 3089 Bead 

3093 Bead 

S i n g l e  <10’8 0 K t o  
43 .O c c / s e c  Yes 10,000 c c / s e c  42,000 

S i n g l e  4 0 - 6  Leaked a t  
’ 3090 Bead 42.5 c c / s e c  Yes 1,000 c c / s e c  48,000 

1 3092 Bead 42.0 c c l s e c  Yes 10,000 c c / s e c  51,000 
4 0 - 8  0 K to S i n g l e  

(1) See comment on Table I V .  There i s  s t i l l  evidence of a poor s e a l i n g  cond i t ion  
1 

a l though t h e  l e a k  r a t e s  a r e  a c c e p t a b l e .  See S /N’s  3093 and 3090. 

( 2 )  An a t t empt  w a s  made t o  check the  i n t e g r i t y  o f  t he  s e a l  by p r e s s u r i z i n g  wi th  
d r y  n i t r o g e n  up t o  10,000 p s i  and observing f o r  leakage .  

( 3 )  The s e a l s  leaked  a t  t h i s  p o i n t .  
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t Table V I  

- S /N 

3105 

3106 

3107 

3108 

Repeat of  t e s t s  per  Table V except  with 

wi th  s t r a i g h t  (non-headed) p i n s .  

Type of 
S e a l  Hardness 

Indiv idua  1 
4 Pin  36.0 

Indiv idua  1 
4 Pin  41.5 

Ind i v  idua 1 
4 Pin  42.0 

Indiv idua  1 
4 P i n  39.0 

H e l i u m  Thermal 
Leak Shock 

Gross 
Leaker Yes 

4 0 - 8  

<lo-8 

<10'6 (1) 

c c l s e c  Yes 

c c l s e c  Yes 

c c l s e c  Yes 

the u s e  of i n d i v i d u a l  4 p i n  s e a l s  

N 2  
P r e s s u r i z e  

Leak 
<lo00 p s i  

0 K t o  
10,000 

0 K t o  
10,000 

0 K t o  
10,000 

Pres  s u r e  

Leak Des t ruc t  
Helium t o  

Gross 
Leaker - 

c c l s e c  88,000 (3 )  

c c l s e c  82,000 

(1) See comments on Tables  I V  and V 

( 2 )  Eviden t ly  t h e  thermal shock improves the s e a l  - probably because g l y c e r i n e  

i s  t rapped  i n  any s e a l  vo ids  when t h e  device i s  shocked from +3OO0F. g l y c e r i n e  

t o  -300'F l i q u i d  n i t r o g e n .  

( 3 )  S e a l s  leaked  a t  t h i s  p o i n t .  
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Table V I 1  

P r e s s u r e  t es t s  run  on g l a s s  s e a l s  a lone 
hardened a s  i n  Table V.  

- S I N  

3109 

3110 

3115 

3117 

3118 

Type of 
Sea 1 Ha r dne s s 

Indiv idua  1 
4 P i n  

Indiv idua  1 
4 P i n  

S i n g l e  P i n  
Sea 1 

S i n g l e  P i n  
Sea 1 

S i n g l e  P i n  
S e a l  

41 .O 

41.0 

43.5 

43.0 

42 .O 

(1) See comments on Tables  

Helium Thermal 
Leak Shock 

<10'8 
cclsec Yes 

<lo-8 
c c l s e c  Yes 

<10'6 (1) 
c c l s e c  Yes 

Gross 
Leak Yes 

<lo+ 
c c l s e c  Yes 

IV and V 

- no ceramics;  u n i t s  were 

N 2  
P r e s s u r i z e  

0 K t o  
10 y 000 

0 K t o  
10 y 000 

Leaked a t  
1 , 000 

Gross 
Leaker 

Leaked a t  
3 000 

(2) See comment #2, Table  V I  

(3) S e a l s  blew o u t  c a t a s t r o p h i c a l l y  - p i n s  and g l a s s .  

P r e s s u r e  

Leak D e s t r u c t  
H e  1 ium t o  

c c l s e c  69,000 (3) 

<lo-8 
c c / s e c  80,000 

(2) 
cc/sec 28 000 
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Table VI11 

Pressu re  t e s t s  on u n i t s  s ea l ed  and hardened per  approach # 3 ,  t o  check t h e  
c 

e f f e c t  of u s ing  a carbon box completely enc los ing  t h e  u n i t s  du r ing  s e a l i n g  - 
which a c t s  t o  both c o n t r o l  atmosphere and t o  se rve  a s  a thermal  "buffer"  t o  

prevent  r a p i d  furnace  temperature  changes from a f f e c t i n g  t h e  s e a l .  

- S / N  

3 144 

3145 

3146 

3147 

3 148 

3149 

3150 

3151 

Type of 
Sea 1 

Individua 1 
4 Pin  

Ind ividua 1 
4 Pin  

S ing le  
bead s e a l  

S i n g l e  
bead s e a l  

S i n g l e  
bead s e a l  

S i n g l e  
bead s e a l  

S i n g l e  
bead s e a l  

S i n g l e  
bead s e a l  

Hardness 

37.0 

40.0 

42.0 

39 .O 

40.0 

4 3  .O 

42.0 

39.0 

He 1 ium 
Leak 

<10-8 

<lo-8 

4 0 - 8  

d 0 - 6  

c c l s e c  

c c l s e c  

c c l s e c  

c c l s e c  

c c l s e c  

<lo-6 
c c l s e c  

c c l s e c  

c c l s e c  

N 2  
Pressu re  

0 K t o  
10,000 

2 , 000 

2 , 000 

Leaked a t 
2 , 000 

Leaked a t  

Leaked a t  

Leaked a t  
2 , 000 

Leaked a t 
2,000 

Leaked a t  
2 , 000 

Leaked a t  
2,000 

Pres s u r  e 
t o  

Des t ruc t  

80 , 000 

- sec t ioned  

83 , 000 

- sec t ioned  

63,000 

- sec t ioned  

60 , 000 

30 , 000 

This  s e r i e s  of s e a l s  was poor i n  genera l ,  i n d i c a t i n g  a l a c k  of c o n t r o l  

i n  t h e  p r o c e s s  i n  some a s p e c t .  However, t h e r e  w a s  no a t t empt  t o  l o c a t e  t h e  

cause  s i n c e  i t  was t h e  f e e l i n g  of g l a s s  t o  me ta l  s e a l i n g  engineer ing  t h a t  it 

w a s  i m p r a c t i c a l  t o  t r y  t o  r e f i n e  t h i s  p a r t i c u l a r  process  because of a number 

of  "in-house" furnace  problems. 
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I Table I X  

Pressure  tests run on s e a l s  made wi th  approach f4 .  The s e a l s  were 

made by running t h e  annea l ing  cyc le  a t  1850" f o r  less than  one hour ,  t hen  

r a p i d l y  dropping fu rnace  

t o  ambient. 

t o  1400OF and aging f o r  t h r e e  hour s ,  t hen  coo l ing  

This  series was completely success fu l  a s  can be seen  i n  t h e  da ta .  The 

s i n g l e  bead s e a l s  a r e  cons ide rab ly  weaker than  t h e  4 p i n  s e a l s .  A s  of  t h i s  

r e p o r t  d a t e ,  t h e  reason  f o r  t h i s  being i n v e s t i g a t e d  s i n c e  t h i s  c o n f l i c t s  

w i th  previous tes t  d a t a  - see Tables  I ,  11, 111, I V ,  V and VIII. 

Type of Helium 
S /N S e a l  Hardness Leak 

2003 

2004 

3 156 

3158 

3 159 

3160 

3161 

3162 

S i n g l e  
Bead 

S i n g l e  
Bead 

S i n g l e  
Bead 

Ind  i v i d -  
u a l  4 Pin 

I n d i v i d -  
u a l  4 Pin  

I n d i v i d -  
u a l  4 Pin  

I nd i v i d -  
u a l  4 Pin 

S i n g l e  
Bead 

38.0 

38.5 

38.5 

39.0 

36.0 

38.5 

39.5 

39.0 

cc /sec. 

lo+ 
cc / sec .  

c c l s e c .  

l o+  

10-7 

cc I s  ec. 

cclsec. 

c c l s e c .  

c c l s e c .  

cc / sec .  

(1) See comment #2, Table V I  

N 2  
Press 

OK t o  
10,000 

10 , 000 

10,000 

OK t o  

OK t o  

OK t o  
10,000 

OK t o  
10,000 

OK t o  
10,000 

10 , 000 

10 , 000 

OK t o  

OK t o  

Thermal 
Shock 

3 c y c l e s  

3 c y c l e s  

3 c y c l e s  

3 c y c l e s  

3 c y c l e s  

3 c y c l e s  

3 c y c l e s  

3 c y c l e s  

Helium 
Leak 

10-8 

l o +  

10-8 

c c l s e c .  

c c l s e c .  

c c l s e c .  

-8 
10 
c c l s e c .  

N 2  
P res s  

OK t o  
10,000 

OK t o  
10,000 

OK t o  
10 , 000 

OK t o  
10 , 000 

Des t ruc t  
Pr e s s u r  e 

32,000 

40,000 

35,000 

85 , 000 

OK t o ( 1 )  
c c l s e c .  10,000 86,000 

OK t o  
cc /sec .  10,000 81,000 

10- OK t o  
cc /sec .  10,000 81,000 

OK t o ( 1 )  
cc /sec .  10,000 28,000 

Because of apparent  improvement of the s e a l s '  h e r m e t i c i t y  when the  u n i t s  a r e  
the rma l ly  shocked i n  g l y c e r i n e  and n i t rogen ,  thermal  t e s t s  w i l l  be conducted i n  t h e  
f u t u r e  by shocking the  u n i t s  i n  an oven s t a b i l i z e d  a t  300'F t o  s u b s t i t u t e  f o r  t he  
hea ted  g l y c e r i n e  used t o  d a t e .  
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* 

C .  S t a t i c  Shunt Development 
b 

During t h i s  per iod work was continued on f u l l y  c a t e g o r i z i n g  

t h e  p r o p e r t i e s  of t h e  shunt  mix used i n  t h e  p r e s e n t  des ign .  Various 

p a r t i c l e  s i z e s  of s i l i c o n  c a r b i d e  were mixed w i t h  RTV 615 and i n s e r t e d  

i n t o  t h e  shunt  s i m u l a t o r s  - see f i g u r e  #3.  P a r t i c l e  s i z e s  i n v e s t i g a t e d  

were 60 mesh, 80 mesh, 120 ,  240,  320 400 and a n  u n c l a s s i f i e d  mesh 

c a l l e d  "F". R a t i o s  of t he  s i l i c o n  c a r b i d e  t o  RTV were c o n s t a n t  a t  

2 . 3 f 1  by weight .  

mesh l e v e l s  below 320. I n  a d d i t i o n ,  breakdown l e v e l s  were v a r i a b l e  

and n o t  sharp  below 320 mesh. 

The e a s e  of handl ing t h e  mixes was very  poor a t  

The da ta  a r e  presented  i n  the fo l lowing  t a b l e s .  F i v e  s i m u l a t o r s  

each  were loaded w i t h  t h e  v a r i o u s  mixes,  cured and s u b j e c t e d  t o  a l l  

t h e  t e s t s  i n  t h e  o r d e r  shown i n  t h e  t a b l e s .  The da ta  show t h a t  a c -  

c e p t a b l e  p a r t i c l e  s i z e s  a r e  320 and 400 mesh. Both of  t h e s e  p a r t i c l e  

s i z e s  can be handled e a s i l y  when mixed wi th  t h e  RTV and both  possess  

approximately e q u a l  c h a r a c t e r i s t i c s .  The 320 mesh i s  somewhat more 

c o n s i s t e n t  on breakdown v a l u e s  but t h i s  i s  s u b j e c t  t o  ques t ion  from 

a r e p r o d u c i b i l i t y  s t a n d p o i n t .  

I n v e s t i g a t i o n s  on meshes 240 and 400 were p r e v i o u s l y  r e p o r t e d  

i n  t h e  f i r s t  q u a r t e r l y  r e p o r t .  
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. 
I D .  Explosive Charge S t u d i e s  

I n  t h i s  phase of  t h e  program, t e s t i n g  cont inued on pyro technic  

mixes wi th  and wi thout  b inders  i n  v a r i o u s  t e s t  v e h i c l e s .  One o f  t h e  

~ 

t e s t  v e h i c l e s  i s  a d u a l  c a v i t y  ceramic squ ib .  A p r a c t i c a l  way of  

p r e s s i n g  d r y  powder i n t o  a c a v i t y  i s  t o  f a b r i c a t e  a d i e - s e t  t o  guide 

a press p i n  i n t o  t h e  c a v i t y .  However, c o n s i d e r i n g  t h e  s i z e  of t h e  

ceramic c a v i t y  i n  t h e  d u a l  c a v i t y  squ ib ,  i t  w i l l  be d i f f i c u l t  t o  

f a b r i c a t e  a d i e - s e t  w i t h  v e r y  c l o s e  t o l e r a n c e s .  It i s  v i t a l  t o  have 

t h e  powder pressed uniformly a c r o s s  t h e  br idgewire  t o  a s s u r e  c o n s i s t e n t  

t e s t  r e s u l t s .  To overcome a l l  t hese  d i f f i c u l t i e s ,  i n i t i a l l y ,  i f  a 

powder i s  pressed  i n t o  a p e l l e t  shape w i t h  t h e  s l i p  f i t  dimensions of  

t h e  ceramic c a v i t y ,  t h i s  p e l l e t  can be r e c o n s o l i d a t e d  and so  a 

uniform p r e s s u r e  can be a s s u r e d  a g a i n s t  t h e  br idgewire .  Therefore ,  

e f f o r t s  were d i r e c t e d  towards producing d r y ,  shaped p e l l e t s  possess ing  

t h e  necessary  p h y s i c a l  s t r e n g t h  c h a r a c t e r i s t i c s  f o r  handl ing ,  loading ,  

and reconsol ida  t i o n  a t  a h i g h e r  p r e s s u r e .  

A d i e  s e t  was f a b r i c a t e d  t o  y i e l d  a contour  shaped p e l l e t  having 

dimensions which permit  loading  i n t o  t h e  d u a l  c a v i t y  ceramic.  D i f f i c u l -  

t i e s  were encountered wi th  i n s e r t i n g  t h e  p e l l e t s  i n t o  t h e  c a v i t i e s .  

A dimensional  a n a l y s i s  of t h e  i n t e r i o r  s u r f a c e s  of  t he  ceramic c a v i t i e s  

r e v e a l e d  a s u b s t a n t i a l  degree of  dimensional  i r r e g u l a r i t y  which 

i n t e r f e r e s  w i t h  t h e  p e l l e t .  Since t h e  p e l l e t  s i z e  was a l r e a d y  r a t h e r  

minute ,  1 7  mg., i t  was f e l t  a f u r t h e r  decrease  i n  s i z e  would p r e s e n t  

a d d i t i o n a l  compl ica t ions .  A l s o ,  t h e  procurement and f a b r i c a t i o n  of 

new t o o l i n g  would be t i m e  consuming and p o s s i b l y  unnecessary s i n c e  t h e  

boron i g n i t i o n  m i x  has  demonstrated c a p a b i l i t y  of wi ths tanding  h igh  

v o l t a g e  d i s c h a r g e  i n  t h e  a l t e r n a t e  d e s i g n  (a simple cup-shaped ceramic) .  
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A l l  i n v e s t i g a t i o n s  t o  d a t e  have shown the  s u p e r i o r i t y  of a 

mix of Boron/KClOq/Ba(NO3)2 over any o t h e r  mixes t e s t e d .  

has  concen t r a t ed  on t h i s  mix. 

Recent work 

Samples of t h i s  mix were t e s t e d  f o r  s e n s i t i v i t y  t o  s t a t i c  d i scha rges  

employing t h e  s tandard  Bureau of Mines t e s t e r  w i th  both a v a r i a b l e  

v o l t a g e  wi th  a f i xed  capac i tance  and a f i x e d  v o l t a g e  wi th  v a r i a b l e  

capac i t ance .  The t e s t s  were conducted so a s  t o  determine the  lowest  

v o l t a g e  o r  energy l e v e l  f o r  t e n  no powder i g n i t i o n s  i n  t e n  t r i a l s .  A 

spa rk  gap d i s t a n c e  of 0.080" was used i n  a l l  t h e  t e s t s .  Sample s i z e  

was 10 mgs. 

T e s t  r e s u l t s :  

Fixed capac i t ance  - of 500 p f d ' s  - 5 KV (0.0063 j o u l e )  

Fixed v o l t a g e  - of 5 KV - 900 p f d ' s  (0.0113 j o u l e )  

Fixed v o l t a g e  v a r i a b l e  capac i tance  t e s t s  were conducted on d ry ,  

c y l i n d r i c a l  p e l l e t s  of the same mix weighing approximately 75 mgs. 

each .  One group was pressed a t  10,000 p s i  and t h e  o t h e r  a t  20,000 p s i .  

The r e s u l t s  f o r  t e n  no i g n i t i o n s  i n  the  t r i a l s  a r e  a s  fo l lows:  

10,000 p s i  p e l l e t s :  15 KV - 60,000 p f d ' s  (6.75 j o u l e s )  

20,000 p s i  p e l l e t s :  15 KV - 90,000 p f d ' s  (10.125 j o u l e s )  

From t h e s e  r e s u l t s  i t  i s  ev ident  t h a t  powder s e n s i t i v i t y  i s  

a f f e c t e d  by degrees  of compaction, and t h a t  t h e  exp los ive  becomes 

l e s s  s e n s i t i v e  wi th  h igher  compaction - a r e s u l t  v e r i f i e d  i n  squ ib  

t e s t i n g  . 
Some a d d i t i o n a l  t e s t i n g  has y i e l d e d  t h e  fo l lowing  informat ion  

p e r t i n e n t  t o  t h e  boron mix. 

1. Heat of combustion - 1.63 K cal/gm. 

2 .  Au to ign i t ion  temperature - 1 s e c .  approx.  975'F. 
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A Bruceton t e s t  was conducted u s i n g  s i m u l a t o r s  t o  e s t a b l i s h  

t h e  s e n s i t i v i t y  of t h e  powder a t  some base l e v e l .  It i s  n o t  t h e  l e v e l  

a t  which t h e  f i n i s h e d  squib  w i l l  f i r e ,  but  merely g i v e s  u s  a gauge 

f o r  comparison. 

Following a n o - f i r e  of  1 amp f o r  5 m i n .  a t  +160°F., t h e  a l l - f i r e  

a t  -65OF. h a s  a v a l u e  f o r  x +  4 sigma o f  3.49 amps. 

Tes t  r e s u l t s  on d i f f e r e n t  pyrotechnic  mixes wi th  and wi thout  

b i n d e r s  i n  v a r i o u s  t e s t  v e h i c l e s  a r e  t a b u l a t e d  a s  fol lows:  

A .  S t a t i c  S e n s i t i v i t y  T e s t  i n  the P h e n o l i t e  F i x t u r e  (pe r  f i g u r e  #4) 

Powder 

1. B/KC104/Ba (N03)2 
40/45/15 B t r e a t e d  wi th  HF 

2 .  B/KC104/Ba (NO3)2 
25/55/20 B t r e a t e d  w i t h  HF 

3. B /KC 104 /KN03 
25 /55 /20 

4 .  Z r  / K C 1 0 3  /Ba (N03) 2 
52.44/24.39/23.17 

Lowest Level a t  
Which Uni t  
F i r e d  i n  K V ' s  

13.5 KV 

15 KV 

15 KV 

2 KV 

(Percentages c a l c u l a t e d  without  
a b inder  per  J P L  Drawing No. 10000597) 

5 .  Mn/KN03/KC104 Did n o t  f i r e  
23.3/19.5/57.2 a t  25 KV 

Adding Approximately 1% RTV 

1. B/KC104/Ba ( N 0 3 ) 2  25/55/20 Did n o t  f i r e  
a t  25 KY 

2. Zr/Mg/KC104 25/15/60 10 KV 

3. Mo/KC10q/CaCrO4 44/34/22 Did n o t  f i r e  
a t  25 KV 

4 .  Z r  /KC103/Ba (N03) 2 Per  Dwg . 4 KV 

5 .  B/KC104/KN03 25/55/20 Did n o t  f i r e  
a t  25 KV 

11 Tested 

2 

1 

3 

2 

1 

3 

1 

3 

1 

2 

R e s i s t a n c e  i n  
Ohms (before  t e s t )  

>1 o8 

>1 o8 

>lo7 

>1 o8 

>1010 
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B. S e n s i t i v i t y  T e s t  i n  A Simulator Using Various Binders 

A l l  u n i t s  were no- f i red  a t  +160°F. f o r  5 min. wi th  1 amp, 

and a l l - f i r e d  a t  -65'F. wi th  4 amps 5 m i l l i s e c o n d  p u l s e .  

10%RTV S o l .  Vi ton  Skybond 
700 Powder Charge i n  Xylene S o l u t i o n  Epoxyl i te  

No. o f  U n i t s  Tes ted  5 1 1 1 1 

Zr+KClOg/Ba (NO3)2 X X X X X 

B+KC lO4+KNO3 X X X Y Y 

B+KC104+Ba (NO3)  X X X Y Y 

Zr+MgItKClO4 X X X Y Y 

Mo+KC 1 04+Ca C r04 X X X Y Y 

X: Passed a l l  t es t s  Y: Did n o t  pass  a l l - f i r e  

C .  

ce ramics  s i m u l a t i n g  t h e  a c t u a l  squib d e s i g n  (without  shunt mix) was 

B/KC104/Ba(N03)2 pressed a t  20,000 p s i  i n t o  5 each cup-shaped 

s u b j e c t e d  t o  t h e  fol lowing t e s t s :  

R e s  i s  t a n c  e KV Discharge From a Res is tance  a f t e r  

S e r i a l  (Before:  1st 2nd 1st 2nd 
i n  O h m s  500 p f d  Capac i tor  Discharge i n  Ohms 

No. Disc ha r g e l  Discharge Discharge Discharge DischarPe 
6 

6 

>10 

>10 

6 

6 
4001 >lo6 5 25 >10 

4002 >lo6 10 25 >10 

4003 >lo6 15 25 >lo6 >lo6 

4004 >lo6 

4005 >lo6 

20 25 >lo6 >LO6 

25 25 >lo6 >lo6 

t 
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D. The previous  u n i t s  were then a l l  f i r e d  a t  -65'F, 4 amp f o r  

5 msec. pu lse .  

B r  idgewir e 
Res i s  t a nce S e r i a l  

No. i n  Ohms 

4001 0.98 

4002 1 .19  

4003 1.006 

4004 1.07 

4005 1.07 

B.W. Burnout Time 
from Osci l loscope  No F i r e  a t  +160°F. 

1 amp f o r  5 Min. i n  MS 

P a s s  1.8 

Pass  1 .7  

P a s s  1.5 

P a s s  2.0 

P a s s  2 .0  

It appears  t h a t  t h e  boron mix s a t i s f i e s  most of t he  requi rements  

p e r t a i n i n g  t o  s e n s i t i v i t y .  

The Mn/m03/KC104 mix i n  paragraph A has y e t  t o  be t e s t e d  f o r  

f i r i n g  s e n s i t i v i t y .  

The Mo/KC104/CaCr04 mix i n  paragraphs A & B w i l l  be t e s t e d  f o r  

d i scha rge  c a p a b i l i t y  i n  the  s imula tor  w i th  va ry ing  percentages  of binder 

i n  the  near  f u t u r e .  

A t  t h i s  t ime i n  the  development of t h e  a p p r o p r i a t e  pyro technic  

combinat ion i t  i s  important  t h a t  t e s t i n g  be performed i n  s imula to r s  t o  

e s t a b l i s h  more p r e c i s e l y ,  c e r t a i n  charac te r i s t ics .  A hindrance i n  t h e  

p rogres s  of t h i s  e v a l u a t i o n  has  been t h e  l a c k  of a s u f f i c i e n t  q u a n t i t y  

of s imula to r s  because of t h e i r  r e l a t i v e l y  g r e a t  expense.  This  compels 

us t o  r e l y  h e a v i l y  on a meager accumulation of t es t  da ta  and t o  use  

t h i s  da ta  a s  a s c reen ing  process  a t  t h i s  s t a g e .  
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E .  Conclusions and Recommendations 

A number of  s i g n i f i c a n t  design g o a l s  of t h i s  program have been 

r e a l i z e d  a s  of  t h i s  r e p o r t .  

1. 

2. 

3 .  

4 .  

Sea Is have been developed which a r e  capable  aE withs tanding  

p r e s s u r e s  of up t o  80,000 p s i  - s u b s t a n t i a l l y  h igher  t h a n  t h e  

minimum g o a l  o f  30,000 p s i .  These s e a l s  w i l l  wi ths tand  

thermal  shocks from -300'F. t o  +3OO0F. wi thout  degrada t ion .  

M a t e r i a l s  have been developed which w i l l  enable  t h e  completed 

squib  t o  wi ths tand  repeated d i s c h a r g e s  of up t o  and over  25 KV 

from a 500 uuf c a p a c i t o r  i n  any mode o f  d i scharge  - p i n  t o  

p i n  o r  p i n  t o  c a s e .  

The explos ive  used a s  the i g n i t i o n  charge d i r e c t l y  over  t h e  

br idgewire  i s  capable  i n  i t s e l f  of wi ths tanding  d i r e c t  

d i s c h a r g e s  wi thout  f i r i n g  o r  changing i n s u l a t i o n  r e s i s t a n c e .  

The u s e  of  s i l i c o n  carb ide  i n  a n  RTV c a r r i e r ,  when p o t t e d  

i n  t h e  connector  c a v i t y  of t h e  squ ib ,  w i l l  a c t  a s  a shunt  

t o  a h igh  v o l t a g e  discharge and y e t  m a i n t a i n  a high i n s u l a t i o n  

r e s i s t a n c e  a t  v o l t a g e s  below i t s  breakdown p o i n t .  

A c l o s u r e  d i s c  d e s i g n  has been firmed which u t i l i z e s  a 

scored  s t a i n l e s s  s t e e l  d i s c  w i t h  low r u p t u r e  s t r e n g t h  t o  

avoid t h e  peak p r e s s u r e  s p i k e s  so common t o  h i g h  s t r e n g t h  

s q u i b  s e a l s .  I n  a d d i t i o n ,  t h e  u s e  of a n  e l e c t r o n  beam weld 

prec ludes  t h e  need f o r  cr imping,  s o l d e r i n g  o r  braz ing  t h i s  

d i s c  i n t o  t h e  squib  housing, w h i l e  a s s u r i n g  f u i i  h e r m e t i c i t y  

and h i g h  s t r e n g t h  i n  the weld a r e a .  

The s q u i b  i s  completely non-magnetic. A l l  meta l  p a r t s  a r e  

Inconel  718 - p i n s  and housing. 
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5 .  The development of t h e  mix t o  wi ths tand  d i r e c t  s t a t i c  d i s c h a r g e s  

has  a major s i g n i f i c a n c e  i n  t h a t  i t  a l l o w s  t h e  use  of a simple 

cup-shaped ceramic wi th  no i n s u l a t i n g  m a t e r i a l  of any k i n d ,  

between two se t s  of  p ins  i n  a f o u r  p i n  des ign .  

f a c i l i t a t e s  t h e  ceramic des ign ,  removing t h e  n e c e s s i t y  f o r  webs 

between p i n s ,  and making f u r t h e r  process ing  of t h e  squib  

v a s t l y  s i m p l i f i e d  - inc luding  welding of br idge  wires and 

loading  of  t h e  explos ive  charge.  

T h i s  g r e a t l y  

S t i l l  t o  be r e a l i z e d  - o r  r a t h e r  demonstrated - i s  t h e  c a p a b i l i t y  

of t h e  complete s q u i b  t o  withstand h e a t  s t e r i l i z a t i o n ,  exposure t o  h a r d  

vacuum f o r  extended p e r i o d s ,  exposure t o  long term s t o r a g e  from -400'F. 

t o  +250'F. and t h e  c a p a b i l i t y  of f u n c t i o n i n g  a t  any temperature  from 

-200'F. t o  +300°F. 

The demonstat ion of  t h e s e  c a p a b i l i t i e s  may be accomplished w i t h i n  

t h e  next  r e p o r t i n g  per iod .  Product ion hardware i s  expected t o  be 

r e c e i v e d  e a r l y  February,  1 9 6 8 .  A t  t h a t  t i m e  complete squibs  c a n  be 

assembled and t e s t e d  f o r  a l l  of t h e  above. 

A l l - f i r e  and n o - f i r e  i n v e s t i g a t i o n s  a r e  n o t  y e t  complete,  a l though 

t h e  i g n i t i o n  mix p r e s e n t l y  being used i s  capable  of wi ths tanding  t h e  

n o - f i r e  l e v e l  of one amp, one wat t  and f i r i n g  w i t h i n  10 m s .  a t  4.5 amps. 

Although t h e  d r y  charge B/KClOq/Ba(N03)2 seems most e f f e c t i v e ,  i t  

i s  recognized t h a t  a b inder  i n  t h e  pyro technics  might provide b e t t e r  

a d h e s i o n  t o  t h e  br idgewire  and r e s u l t  i n  a h igher  degree of r e l i a b i l i t y .  

Problems such a s  c o m p a t i b i l i t y ,  o u t g a s s i n g ,  and h igh  temperature  

d e g r a d a t i o n  have l i m i t e d  t h e  range of b inder  a d d i t i v e s  t o  those  w i t h  

i n e r t  p r o p e r t i e s .  A s  a r e s u l t  most of  t h e s e  m a t e r i a l s  have l i t t l e  o r  

no c o m b u s t i b i l i t y .  The c o n d i t i o n  l e a d s  t o  i n t e r f e r e n c e  w i t h  pyro technic  

- 36 - 



r e a c t i o n  f u n c t i o n s ,  p a r t i c u l a r l y  t h e  c r i t i c a l  f u n c t i o n  time (10 m s . ) .  

Obviously,  more t e s t  s i m u l a t o r s  a r e  needed t o  e s t a b l i s h  t h e  p r a c t i c a l i t y  

of  t h i s  approach and then ,  t h e  optimum combination l e v e l  wi th  some 

degree of r e l i a b i l i t y .  
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